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THE!EFFECT ON LIFT, DRAG, AND SFINNINGCHARACTERISTICS

OF SHARp LEADINGEDGES ON AIRPLANE WINGS

By Z’redE. I?eickand Nathan F. Scudder
a

SUMMARY

An investigationwith specialreferenceto autorota-
tion and s~inningwas conducted in two wind tunnelsand in
flight to find the aerodynamiceffects of adding a sharp
leading edge to a wing section.

In the wind-tunnelinvestigationfree-autorotation
tests, forced-rotationtests,and lift and drag tests were
made on modified Clark Y airfoils in the 7 by 10 foot wind
tu.lnel,and check tests on the lift and drag characteristics
at severalvalues of the ReynoldsNumber were made in the
variable-densitywind tunnel. Two differentforms of sharp
leading edge were tried. 130threduced the maximumunstable
rollingmoment tending to start autorotation,but neither
had a substantialeffect on the final rate of free autoro-
tation.

In the spin tests in flight,which were made on a
small trainingbiplane, the addition of sharp leading
ed{:esproduced favorableeffects,causing a decrease in the
ailgleof attack and rate of rotationand making the con-
trols more effective. The flight and wind-tunneltests
agreed in showingthat the use of the sharp leading edges
is accompaniedby a substantialreductionin the maximum
lift coefficient.

INTRODUCTION

Two commercialairplanemanufacturingorganizations
have recently reportedthe eliminationof undesirablespin-
niilg characteristicsof certain of their airplaneeby add-
ing sharp leading edges to the wings. Sincethese reports,
tests have been made in the variable-densitywind tunnel on
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the liftand drag eh,aracte.risttcsof .aGbttingen398 air-
foil with two differentsharp leading edges added. (Refer-
ence 1.) With either of the sharp leading edges the maxi-
mum lift coefficientwas rednced to the point where there
was little negative slope to.the curve of lift cOefficieilt
againstangle of attack beyond the stall, indicatingthat
the tendencyto autorotatehad.been considerablyreduced.

The investigationhas been extendedby findingthe ef-
fect of a sharp leading edge on,theautorotationalcharac-
teristics.ofam ,airfoilin a wind tunnel and also on the
spinnin~characteristicsof an airplane in flight. The
wind.-tunr.elexperimentsincludebot~ .free-autorotation tests
and forced-rotationtests,as well as lift and drag tests
in the ‘7by 10 foot atmosphericwind tunnel. The basic air-
foil used inthese tests was the Clark Y an-dtwo different
sharp leading edges essentiallysimilarto those used.on
the Ghttingen398 airfoil in the variable-densitywind tun-
nel tests were added. The tests of the modifiedClark Y
airfoil.in the 7 by 10 foot.tnnnel,however, showedgreater
ne~.ativeslope to t~,elift curve at_angles of ~t.tackjust..-.
above the stall than Would have beeq expectedfrom the va-
riable-density.tunnel tests on the modifiedGbttin{;en398.
In order to obtaina direct check on this point additional
tests were made in the variable-densitytunnel on the mod-
ified Clark Y section‘havingthe sharper of the two sharp
leadirigedges tested in the 7 by 10 foot tunnel.

In the flight tests,measurementswere made to deter-
mine the effect on the steady spin and on the performance
in normal flight of the additionof a sharp leading ed~e,
correspondingto the sharperof the two used in the wind-
tunnel tests, to the wings of a small biplane, The effect
of the sharp nose on the “performanceof the airplanewas
obtainedby simplemeasurementsof the minimum speed in
glidingflight and of the maximu~ speed in level flight,

The results of all the shove-mentionedtests are given
in.this paper, the”materialbeing dfyided for convenience
into two Farts, Part I dealingwith the wind-tunneltests
and Part II dealingwith the flighttests.
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PART I - WIND-TUNNELTESTS SHOWINGEFFECT ON

LIFT, DRAG, AND AUTOROTATION

By Fred E. Weick

3

Apparatusand Methods

~ests in the 7 b~ 10 foot tunnel.-The sharp-nosed~-————._ ——- ——-—————.——
models were formed by adding Plasticizeto the leading edge
of a 10 hy 60 inch laminatedmahogany Clark Y airfoil,as
shown in ??igure1. With the first modification,the Clark
Y-A, the sharp leading edge was 1 per cent of the wing
chord ahead of the originalleading edge, and with the sec-
ond modification,the Clark Y-B, this projectionwas 2 per
cent. ,

The 7 by 10 foot wind tunnel togetherwith its balances
and rot’ationgear is descri%ed in reference2. For free-
autorotationtests the model is mounted on a shaft parallel
to the air flow.and supportedfreely on ball bearings. The
forced-rotationtests are made with the same shaft driven
by an electricmotor.

All the present tests were made at the same air speed
(80 m.p.h.). The forced-rotationtests, which were made to
show the tendency of the rotationto increaseor to damp
out, all were made at one rotationalvelocity corresponding
to a value of the coefficient

?2.!.2= 0.05
2V

w~el-eP’. is the angular velocityabout the wind axis, b
is the-span “ofthewing, and V is the air velocity. This
value has be-enindicatedby flight experimentsto be the
highest rollingvelocitylikely,to”be encounteredin flight
in gustY air while the pilot is attemptingto hold a steady
course.

Test in the variable-density_tunnel.- The variable-——._.——________..__—
density tunnel and the methodsused in the airfoil tests

-——- —

are described in reference3.
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Results

Lift.- Values of the lift and drag‘coefficientsfor
the differentangles of attack are Siven for the original
Clark Y airfoil and the two modificationsin Tigure 2, the
coefficientsfor all the airfoilsbeing based on the total
area. Both modificationsgive maximum lift coefficients13
per cent lower than the originalClark Y but their lift
curves stillhave a definitenegativeslope just above the
stall. The curves of “thenormal-forcecoefficientagaiast

—

angle of attack (fig.3) also have decidednegativeslopes
in the region just above the stall. This result indicates
that under the conditionsof the present test the sharp
leading edges shouldreduce,theautorotation“tendencies
somewhatbut not to the extent indicatedby the variable-
density tunnel tests with the modifiedG~ttingen398, where
the maximum lift coefficientwas reduced26 per cent and
the negativeslope of the normal-forcecoefficientcurve .—

was reducedto a relativelysmallvalue. For.this reason
the followingcheck tests were made wtth a model of the
Clark Y-B airfoil in the varialle-densitytunnel. Y

Check tests in variable-densitytunnel.-”A 5 by 30——— _________ ____
inch aluuinumalloy model was tested at tl.eReynoldsKhumher

—-

of the 7 by 10 foot tunnel tests (609,000),and at Reynolds
Nunbers of 167,000 (1 atmosphere)and 3,120,000(20 atmos-
pheres). As shown on I?igure4, at a ReynoldsN-umberof

—

609,000the value of CLmax and the angle at-which it oc-
curredwere approximatelythe sam~ as in the 7 by “~0foot

—

tunnel test, but the lift coefficientdid not decreaseas
rapidlybeyond the maximum. J

It was thought that the leadingedge of the variable-
.—

densitytunnel model might have been appreciablysharper
than that of the 7 by 10 foot tunnelmodel which was formed

.

of Plasticize. The leading edge of the variable-density
tunnelmodel was thereforeroundeduntil the chord was
shortenedhy “O,O1Oinch. The form of the poiritis sfiownby
the magnifiedsketch on Figure 4, This model was then
testedat 1 and at 20 atmospheres. The lift-curvepeak-was
flattenedat 20 atmospheresand sharpenedat 1 atmosphere,
but the shape beyond the stall was not alteredappreciably.
It is concludedthat the discrepancybetween the curves
from the variable-densitytunnel and 7 by 10 foot tunnel
tests shouldbe attributedto a differencein--thenature of
the air flow in the tunna.ls.
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Drag.- The profile-dre,g coefficientsare plotted
against l~ft coefficientfor both the ‘7by 10 foot tnnnel
tests and.the high Reynolds~~umbervariable-densitytu~~”~el
tests in Figure 5. The valnes are, of course,lower for
the varialle-densitytunnel tests made at a large.value Of
the ReynoldsI?um’cer,but the resnlts from both tunnels
agree in showing a slightlylower minimum.Trofiledrag for
the sharp leading-edgesectionthan for the originalClar~c
Y.

Forced rotation.-The results of the forced-rotation—.— .
tests are given in terms of a coefficientof rollingmoment
due to rolling

c = rollingmoment--—— - ..—--—-
A qbS

where q is the dynamicpressure, b is the spans and S
is the area of the -wing. Moments aiding rotationere con-
sideredpositive. The values of CA plotted against anl;le
of attack are given for both directionsof rotation in I’iK:-
ure 6. The maximum values of c~ indicatinginstability

which were found with either of the sharp leading-edgeair-
foils are only about one-thirdthat for the originalClark
Y. The tendency to autorotateis therefore&rOatlV red-.tced
wit-neitherform of sharp leadins edge, both being about
the same in this respect. The angle of attack for initial
instabilityis about the same f-orthe originalClark Y aud
the Clark Y-A, but the Clerk Y-B becomes unstable at a
sli~htlylo~er angle of attack, as rou.ldbe eqected from
an examinationof the lift and norm~l-forcecurves.

Free autorotation.-The rate of a’.ltorotationis shown-,---—-——.---———..—.—
@’Q

for each of the airfoils by the curves of ~ ~ againstan-
gle of attack in Figure 7. It will be poticed that even
though the tendency to start to autorotate,as shown by
Figure 6, is greatly reduced by the oddition of either of
the sharp leading edges, the final rate of free autorota-
tion is about the same as that of the original‘ClarkY
throug-hou”tmost of the angle-of-attackrange. The maXii~Um
rotationalvelocitiesare definitel~’lower with t-heshar:}~
leading edges, but not by a great amount,

~~~eclar~:y-n started.to a~~torotateat an angle Of at-
tack 3° lorer than eitker the originalClark Y Or the Clark

..

“-ii
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—

Y-A,~,whic~is fn approximateagree.m6ntwith the,indications
given by,~oth,theforced rotationand the lift and drag
tests.,,? ?.., —

., , ,. ,,..‘ <’”.
.,; .,, ,Conclusions.. .....~

. .‘.. . .
....“.,’

, L. Both the sharp leading edges tested.reducedthe
maximumunstable rolli~gmoment tending to start autorota-
tion to about one-thirdthe value for the originalClark Y
airfoil.,,hutneitherhad.a substantialeffect on the final
rate of’free autdrotation.

2* Both the sharp leading edges reduced the maximum
lift coefficient13 per cent in the 7 by 10 foot tunnel
tests. The high ReynoldsNumber test of the Clark Y-B in
the variable-densitytunnel”showeda reductionof 29 per
cent.

PART 11 - FLIGHT TESTS SHOWINGEFFECT ON THE

SFIN AND PERFORMANCEOr THE XN2Y-1 AIRPLANE

By Nathan F. Scudder

Apparatusand Method

The airplanewith which these tests were made was a
small Naval trainingbiplauepowered with a Warner engine.
The dimensionsand arrangementof the airplaneare given in
the 3-view drawing of Figure 8. The basic airf”oilsection
of the wings of thts airplanewas presumablythe Clark YM-15
but the nature of the wing constructionwas such as to per-
mit of considerablefabric sag with the result that the
wing sectionswere differentfrom the Clar.E7M-15 section
and also from the sectionstested in the wind tunnels. An
additionaleffect of the fabric sag was to produce a marked
irregularityof the nose portion of the wing mtdway”between
the rils. This irregularitywill be discussedlater.

The leading-edgemodificationwas built.upby bending
strips of thin sheet duraluminon the smallestpossiblpra-
dius to form a V and mountingthese strips on triangular
blockshaving one edge’formedto ‘fitthe nose of the wing,
The stripswere put in place,on the nose of the.wing and
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mado secnrewith pieces of fabricdoped down over the lead-
ii~g-edg~strips and back on the upper and lower surfacesof
the wing.

The leading-edgestrips were of such dimensionsaad
were mounted in such a position on the nose of the wings as
to conformwith a sectionderived by choosinga point 2 per
ceiltof the chord ahead of the nose and 3.2 per cent of the
chord a%ove the chord line of the basic airfoil,and draw-
in: two straightlines from this point tangentto the upper
and lower profile curves. The ne-ivprofile thus formed,as
well as the basic profile, is shown in Figure 9. Ordinates
for the basic airfoilare given in reference4.

The section of the originalwing was measuredat sever-
al r.epresentativeribs to determinehow uniform the rib
shapeswere and how well the wing correspondedto the speci-
fied ordinates. The results of the measurementswere as
follows: (a) Aft of the front spar, which is about 11 per
cent of the chord back of the leading edge, the deviations
of tle individualribs measured from a fair line were small;
(b) formrd of the front spar the ribs showed deviationsof
as much as 0.12 inch; and (c) the fair ltne deviatedas
muck as 0.15 inch from the specifiedsection ordine.tes.3e-
tween the ribs the shape ws.smore irregularthan at tae
ribs. The combinedeffect of a rather large fabric sag
(approxf~ately3/8 inch) and a narrow strip of metal used
as a nose former caused a sharp break in the wing profile
at abovt 1.25 per cent of the chord back of the leading
edge on both the u~per and lower surfaces. T,hephotograph,
Fi;:urel@, shows this condition.

The instrumentsfor the spin measurementsconsistedof
a speciallyarrangedpin--holecamera which gave measure-
meilts of the rate and axis of rotationby recordinga trace
of the image of the sun, an N,A,C.A. 3-componentaccelerom-
eter (reference5), a sensitivealtimeter,and a sto~ watch
The function of the instrumentinstallationwa,ethe same as
that of reference6; n3mely, the completemeasurementof
forces,angular velocity,and vertical.velocityof the spiil-
ning airplane,from which the moments,attitudeangles, and
fli{,htpath could be conputed. The use of the pinhole
canera representsa deperturefrom the ~ractice described
in reference 6, .siricethe three an~”ul~.rvelocityrecorders
were re~lacedb:~this i~strl~me~t. The cai~erawas provii+.ed
with a tilttngbase ant!a rot~.tiilg-diskshutter so arranged
that t;ierate of rotationand directionof the axis of rota-
tion could be determinedfrom tbe settiug of the cameraand
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the,tr,p-ceof the sun image on the plate. This camera was
:,Qp,era$iedduring only one turn of the spin and.since the ac-
,.cel,ero,~leterrecord covered1,000 feet of spin a means of
syrrphr,,qnizi~g.the t~o instrumentswas neces~ary. The syn-,...
.chro.~izationwas accomplishedby me_~nsof an auxiliary .

.liGht }a t’he.accelerometerconnectedin parallelwith the
,camer.a..shutt.~rcircuit.,.

.,-..”

The ~ns~rumentswere mounted in accord&ce with the
requirementsoutlinedin references6 and 7, the most im-

.portnnt one b~ing that the accelerometershould%e mounted
a ?.naownand ~mhll as’pQssibledistancefrom_thecenter of
.,gravity.The pinhole camera was mounted at the trailin~
edge,of the upper:’wingat tihe’centersectionto avoid the
occurrenceof shadowson the camera... .

,,-
The apFar$tys”used for heasuringhigh s~eed in level

flight and minimum speed in ~:gl$de consistedin .an&.A.C,A.
trailingair-sp.e,,edhead (Pitot-sthtic)connectedto an
iT.A.C,A.recordingair-speedmeter (reference8) by means
of small rubber,tubes attachedto the suspensioncable,
Level,flif:htfor,the high-speedruns was maintainedby “
means of a .sens$tivestatoscope. The other instrumentsem-
ployed were a sensitivealtimeterand”athermometer. ,.

The spin tests were made by the same flightprocedure
as used in the tests of references6 and 7. Except for
the slightdifferenceinvolvedin ~isingthe.pin-hole camera
records,the computationswere made in the same manner as
in references6 and ‘7. Since resul–tsof tests with several
differentballast conditionswithout the sharp leading-edge
stripswere available,tests with severalballast condi-
tions were made With the leading-edgestrips for comparison.

.-

—
...
.

. ,

.

—

%eca,useof th6 occurrenceof’oscillationsin the smins,
the tests reportedherein were restricted.toa smallernl~m-
ber than that preferredfor this type of investigation.
The oscillationsseemed to be inducedby theentry unless
extremecare was exercisedto avoid ‘twhipping,l!or by at-
mosphericturbulenceat any stage of the spin. Once ‘
started,the oscillationswould usually pers”istfor the re-
mainder of the spin, but in a few cases the spin became

,. steadyafte,r.havin~h,eenunsteady-”f%ra number of turns.
On account of this tendencyto oscil~tite,the spins were
made in still air early in the morningwheneverpossiblet

The high speed in level flightwas obtainedby tal~i-W
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the average speed over a 30-secondtest (madeafter high-
speed equilibriumhad been established)in which level
fliGhtwas,maintained%y means of a statoscopeto approxi-
mately 12 feet of altitude. The possible error in these
tests resultingfrom variation of engineperformancewith
air temperatureand densitywas held at a minimum bY choos-
ing conditionsfor tests such that the variationof these
factorswas very small. The tests were run under practical-
ly sta~dardsea-levelconditions.

The r:aximumlift coefficientwas calculatedfrom data
oltained in glides in which the velocity along the flight
path was recordedby means of the instrumentconnectedto
the trailingPitot-statichead, and the verticalvelocity
was determinedby timing a 500-footloss of altitudeas
indicatedby the sensitivealtimeter. The minimum air
speed and corres~ondingglide angle were determinedfrom a
fair curve drawn through a vector plot of the velocityalong
the flight path and the vertical componentmeasured in sev-
eral glides at angles of attack near that for maximum lift
coefficient. (Fig. 11.) As CL at minimum gliding speed
is very close to CLuax (within0.5 per cent) the calcu-
lated value for that conditionwas taken as the maximum
lift coefficient. The airplaneweight used in the calcula-
tions was correctedfor the weight of fuel consumed in-
flight. During the glides the propellerwas operatingclose
to the V/nD for zero thrust.

Precision

The estimatedprecision of the spin measurementswas
summarizedin reference7 as follo~s: Itangular ve10C3,tY3 3

per cent for each component;acceleration0.05 g; interval
of altitude,5 per cent; wei~~ht1 per cent; moments of in-
ertia 1 per cent.” The precision of the angularvelocity
mep.sv.rementin the present case is probably slightlybetter
t;laniu former tests owing to the use of the pi nhole canera.
The improvementis indicatedhy the fact that the calculated
vertical-forcecomuonentshowed less variationfrom unity
t;lanformerly. Th~ estimatedyrec?s~on of the other quan-
tities is as quoted from reference7.

For comparative”purposes tlievalue of Vmax and

CL~a.xcan be re~-prdedas accvrate to within ~0.6 m.p.h.
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and ~ 3 per.c.en.t; respectively,..,.The.ab.so+utevalues are .
probably only slightly less accu.ra,te. :: ..“ .“

.. . . . . . . . $,, . . . . . %-.

,,
., .,

Resultsand:.Discussion...i ~“-.’ . .-
. . . .. .. . .. . . . .. . . ..: .’, .

,, .,! ,.,., ., . . . .

.Tke.:re,sultsof the measurernen~s:forthe..steadyspin.are
given in Table I (airplanecondition},II (,igstrument.,data),
and 111 (computedresults). The effect of the sharp l’eading
edge onrecovery was to give,a pronouncedincreasein effec-
tlv~pessof the controls. With.the Sharp leading edge in
place it was necessaryto manipulatethe elevator.withcare
to,avoidcoming out of the spin @ a pt.eepdive. In spite
of this increasedelevator.effectiveness,,ap’proximatelyt’he
same:heightwas requ~redfor qe$o~’er~with the sharp leading
edge as without it. ,,~ .. :

., ,...
. . ~.,,The..perf6rmanceresultsare as”follows:. .

,. 4..“.“‘ k,i,.,
.,. . ,.—— 1 t

,“
, . .. —---- ...-. — ‘-l..-—.-...—-—----.

.,
“W~th sharp leading

..

edge .“ 94=0‘“ 1.10 ‘“ ~

Without sharp lead- I ,
ing edge 98.2 I1.19

.... .
!l?~ibeffect of the sharp lea&ing edge on the spin shown

‘by“~h~,.~esults,inTable 111 may be summarizedas follows:
An&le:’of’attack\vas‘decreased”about10° for the case of the
“normal’’~~r,pl&n&loading (2~o for the.ext”remecondition);
sid~ilipchanged.from”inwardto outward;‘“rateof rotation
decreasedto roughly 85”per cent of rate of rota”tionwith-
out the’sharpnose. All of theseare desirablechanges in
the~sp~n. The changeto outwardAideslipis especiallyde-
sirable,”since the effectiveriessof the fin‘andrudder is
greaterwith outwardthan with inward sideslip..The verti-

t cal velocity,on the other hand,.was greaterwith the sharp
leading,edge.than wit~out it. .A further resultwas that
with the Sharp leading edge the s“pinwas insensitiveto the
additionof ballastalong the lateralaxis. ~“hiscondition
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followsfrom the fact that sideslipwas outwardand that q,
the angular velocity in pitch, was almost zero.

The improvedeffectiveness’of t-hecontrolsmay be ex-
pected as a result of the lower angle of attack, and the
outward sideslipof the spin as a result of the sharp lead-
ing edge. The tendencyof the airplaae in this condition
to terminatethe recovery in a steep dive offsetsany im-
provement in altitude requiredfor recoverythat may have
resultedfrom the improvedcontrol effectiveness. Since in
its normal conditionthe airplane requiped OQIY a trifle
over one turn to recover, it was difficultto detect a real
differenceir.the number of turns for recovery.

The sharp leading edge produced a detrimentaleffect
on the high s~eed and CLmax. The redu~tionin high speed
was unexpected inasmuchas the wind-tunneltests indicated
a sli@tly favorablerather than a detrimentaleffect on
minimum drag. At present no satisfactoryexplanationof
this apparent discrepancyseems possible,although it is
worth notirigthat because of t-heirregularshape of the
airplanewings the sharp nose installationon the airplaae
can not be consideredequivalentto that on the wind-tunnel
models. The reduction in CLaax found in the flight tests
agrees with the wind-tunr.elresults except in magnitude.
This differencemay be attributedto such factorsas bi-
plane affect,differencein ReynoldsWmber, and irregular-
ity of the surfacesof the airplanewings. These disadvan-
tages found with the sharp leading edges indicatea very
limitedapplicabilityof the device as a method of control-
ling dangerousspins.

Conclusions

1. A sharg leadtng edge
thick wing produces favorable
causesa decrease in angle of
int’.ucesoutward sideslip,and
fective.

added to a thick or moderately
effects on the spin. It
attack and ‘rateof rotatioa,
makes the controlsmore ef-

2. The effect of a sharp leadin~ edGe on the gene~al
performanceof the airplanewas unfavorable. The maximwi
speed was decreased4 per cent and the value of cLmax ‘as
decreasedabout 7.5 per cent on the airplane tested.

Langley MemorialAeronauticalLaboratory,
XationalAdvisory Committeefor Aeronautics,

Langley Field, Vs., January 18, 1933.
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45

50,53

54,56,
58

59

82,84,
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68,09,
90

38,40,
41

Bellafitposition

10 lb. inrear

134lb.atwing
tips

48lb.inrear

Noballast

134lb.at wing
tipt3

48 lb. in rear

IJO‘ballast

.

TABLE I

Airplme Conditions

==7==
38.0 1 ‘7.95

31.5 8.62

40.0 8.20

31.5 7.95

31.5 8.88

I
. 8.8~

L
31.5 7.74

*Seereference6 fordefinitionsofconstants.

Momentalellipsoidconstents*

slug ft.;

K36

1,252

F36

836

1,258

842

&?29
..—- ——

X
1’

943

1,150

940

943

1,154

941

1,796

1,590

1,380

1,tm

1,508

1,384

7
kg
.

0

0

0

0

0

0

0
—

1
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Fesl
Noc

45

50

53

54

56

58

59

82

84

85

88

89

90

38

40

41—.

Accelerometer
readings

..--—_.
g
w

).105

.078

.094

.086

.085

.089

.091

.026

.056

.042

B.172

.*154

“.153

“.054

“,045

“.042

..-.-—— ————
~ I,Z
v w

.--. —- —-—
).0661.43

.0321*43
I

.024

.034

.023

.030

.024

.042

.037

.054

-.064

-.055

1.39

1.28

1.28

1.33

1.35

1014

1.13

1.14

1.12

1.15

TABLE 11

InstrumentData

Angular velGcity readings
-—-- ------

rad~/sec
-——————.
-1.95

-2.14

--2.08

-1.50

-1.52

-1.55

-2.01

-1.46

-1.53

-1.46’

-1.2’7

-1,23

I-.022]1.171-1.37
I

-.0121.30I -1.82

II-.0241.30 -1.71
i

.009;l.31~-1.tJ6

.—.--_—-—— ...

rad?/sec.
.-..-———————
-0.042

-.011

.023

.008

.072

.059

-.068

.738

.758

.770

.790

.815

.719

.531

I .497

i .341—.—.—-

.———--- -.—

rad~/sec.
.——-------------
-1.85

-1.91

-1.91

-1.60

-1.62

-1.50

-1.91

-3.82

-4.32

-4.20

-2.76

-2.83

-2.73

-2.54

-2.49

-2.37——-

.

Vertical
veloci$y
ft.~sec

———--.,.-——
$19,4

E7.O

84.7

67.0

87,0

87.7

63.8

66.7

67.5

74.9

75.8

74.7

75.8

73.8

75.1

.
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I
roup

A

B

c

D

B.

co

LDo

Test
number:

45

50, 53

54,56
58

59

82, 84
S5.

E@, 69
90

3P.,4
41

Eesultan
angular
vel.n
rad./see

2.69

2.8.4

2.19

2.77

4.44

3.15

3.05

Angleof
attask
a
dx~.*

43*1

41.8

45.3

43.5

68.7

63.4

.

TABLEIII

Computedwin Results

Angleo
sidasli

P
deg.

8.S

7.0

7.1

8.3

-7.7

-9.3

Glide
path
angle%’
de.

-S.6

-@e

-81.8

-al ;

-87.1

-p4.9 i

,

-63.6 ;

.

Velocity’Radiw
along
~li~hti ft.
@h I
‘!ft./see.

1

I 4.390.1 ,

89.6 I3*9

I
87.1 ‘5.6

I
88*4 13”8
6’7.1 ~0.7

I
75.4 12.2

I
75.4 12.e

I I

@in co-
lfficlent Momentcoefficient

A————

---1--rlb c1
27

0.+16 “o.m680

.444 l-.~o~

.351 -.000683

.439 .00119

1

.926 -.0875

.586 -.0279

.565 -.014

cm

0.355

-.330

-.397

-.324

-.911

-.739

-.57E

Cn

0.000246

.000381

-.000Q77

.ooa397

.0127

-.CQ890

-.00257

* Angle of attackreferredto x axis (parallelto principalaxisand thrustline).

P
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Upperwing 99.7(? Sq.ft. , Stagger 23 in.
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Figure8.-2?hree-viewdrawingofXN2Y-1airplane.
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Figure10.-Noseof air@ane wing beforethe additionof the sharpleadingedge. P
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Figure 11-~ical velocity diagramforXN2Y-1airplane.


